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TECHNICALJIELD 

The invention pertain, to metltods of forming titanium-based mixed-metal 
.ateriais ^d zireoniunt-based n,i.ed-neta, ntatetiaU. The invention also pettains to 
spuneting targets, and in partieuiat applieations pertains to zirconium-contarnrng 
sputtering targets and/or titanium-containing sputtering targets. 

BACKGROlJNDOFTHEiriVEK^ 

wMch it can be dented to form mrxed-metai 
products. For purposes of interpreting this disclosure and tbe Cairns that foiiow. the 
terms "alloy" and "mixed-metal product" are both defined to pertain to eompos,t,ons 

metallic rmpurities. For example, a material that is 4N5 pure (i.e., pure, has a 
.oral of all metallic impurities of 50 ppm or less. A 4N5 alloy (or mixcd-metal product) 
of Ti and Zr is defined herein to comprise both Ti and Zr in amounts greater than or 
e,ual to 50 ppm. Typically, one of the Ti and Zr would be present m much htgher 
concentration than the other, but regardless, both would be present in conceutrafions 
greater than that of the total metallic impurities. Other exempli mixed-meta, matenals 
^ a 3N5 mixed.me.al materia,, which, in accordance with the definition herem 
comprises at least two elements that are each present to a concentration in excess of 500 
ppm; and a 5N5 mixed-meta, mateHal, which, in accordance with the definition herem 
comprises at least two elements which are each present to a concentration in excess of 
,5 5 ppm. The percentages and concentrafions referred to herein are weight percentages 

, „f course for any concentrations and percentages specifically 
and concentrahons, except, of course, tor any c 

indicated to be other than weight percentages or concentrations. 

Among the applications for which it can be desired to form a mixed-metal 
product or alloy are applications in which it ts desired to form ingots of h.gh punty 
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alloys. It can be desired to form ingots of high purity alloys to enable formation of 
sputtering targets (also referred to as physical vapor deposition targets) from the ingots. 
The sputtering targets will have uniform distribution of alloys throughout as a result of 
being formed from ingots consisting of a uniform composition of high purity alloys. 

Typically, alloys are made by either adding elemental alloy components to a 
molten pool of bulk metal, or by pre-mixing and blending various meh feedstock 
n^aterials with one another before actually melting the materials together. A limitation of 
the above-described processes is that the processes do not lend themselves to a batch 
melting process in that at no time is the whole of an ingot material simultaneously 
molten. Because of this, several consecutive melting operations must be performed in 
order to form a uniform refractory metal alloy. Without multiple melting operations, 
variations in chemical composition form in a resulting ingot material. Such variations in 
chemical composition can lead to problems in structures formed from the ingot materials. 
For instance, if sputtering targets are formed from the ingot materials, the sputtering 
targets can have non-uniform chemical compositions reflecting the non-uniform 
chemical composition within the ingot. If the sputtering targets are utilized in 
semiconductor fabrication, material will be sputtered from the targets to deposit a film on 
a semiconductive substrate. Ideally, the film will be homogeneous and uniform across 
the material. However, variations in chemical composition and homogeneity within a 
sputtering target can translate into variations in composition and homogeneity of a 
deposited film, and reduce quality of devices comprising the film. 

For the above-discussed reasons, it is desired to develop methodology for 
forming ingots having uniform and homogeneous composiUon throughout. 

Another aspect of the prior art is that integrated circuit interconnect technology is 
5 changing from aluminum subtractive processes to copper dual damascene processes. 
The shift from aluminum to copper is causing new barrier layer materials to be 
developed. Specifically, titanium nitride (TiN) films had been utilized as barrier layers 
in the aluminum technologies to inhibit aluminum atoms from diffusing into adjacent 
dielectric materials and causing device failure. The TiN films can be formed by, for 
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example, reactively sputtering a titanium target in a nitrogen atmosphere. The TiN films 
are found to be poor barrier layers relative to copper because the diffusivity of copper 

atoms through TiN films is too high. 

Another problem that can occur in attempting to utilize titanium materials as 
5 barrier layers can occur in attempting to adhere titanium materials to dielectric materials. 
Specifically, it is often found that titanium materials adhere poorly to commonly used 
dielectric materials (such as, for example, silicon dioxide), and that circuit defects can be 

caused by such poor adhesion. 

In an effort to avoid the problems associated with titanium, there has been 
1 0 development of non-titanium barrier materials for diffusion layers. Among the materials 
which have been developed is tantalum nitride (TaN). It is found that TaN can have a 
close to nanometer-sized grain structure and good chemical stability as a barrier layer for 
preventing copper diffusion. However, a difficulty associated with TaN is that the high 
cost of tantalum can make it difficult to economically incorporate TaN layers into 

1 5 semiconductor fabrication processes. 

Titanium can be a lower cost material than tantalum. Accordingly, it could be 
possible to reduce materials cost for the microelectronics industry relative to utilization 
of copper interconnect technology if methodology could be developed for utilizing 
titanium-comprising materials, instead of tantalum-comprising materials, as barrier 

20 layers for inhibiting copper diffiision. It is therefore desirable to develop new titanium- 
containing materials which are suitable as barrier layers for impeding or preventing 
copper diffusion, and to develop methodology for forming sputtering targets comprising 
the new materials. 

In addition to the desirability of developing new titanium-containing materials 
25 which are suitable as barrier layers, it would also be desirable to develop other materials 
suitable as barrier layers and having either lower cost or better properties than the 
tantalum materials presently being utilized. Further, it would be desirable to develop 
methodology for forming sputtering targets comprising such other materials. 
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SUMMARY OF THE INVENTION 

In one aspect, the invention encompasses a method of forming a titanium-based 
or zirconium-based mixed-metal material. For purposes of interpreting this disclosure 
and the claims that follow, a "titanium-based" material is defined as a material in which 
5 titanium is a majority element, and a "zirconium-based" material is defined as a material 
in which zirconium is a majority element. A "majority element" is defined as an element 
which is present in larger concentration than any other element of a material. A majority 
element can be a predominate element of a material, but can also be present as less than 
50% of a material. For instance, titanium can be a majority element of a material in 
1 0 which the titanium is present to only 30%, provided that no other element is present in 
the material to a concentration of greater than or equal to 30%. In an exemplary process 
of forming a titanium-based mixed-metal ingot, such ingot can be formed by combining 
a mixture of titanium halide and at least one other metal halide with a reducing agent to 
produce a mixed-metal product. The mixed-metal product is then melted to form a 
1 5 molten mixed-metal material. The molten mixed-metal material is cooled into a mixed- 
metal ingot. The ingot comprises titanium and at least one other metal. The titanium is 
the majority element of the ingot, the ingot has a purity of titanium and the at least one 
other metal of at least 99.95%. The method can be utilized for forming a zirconium- 
based material by substituting zirconium halide for the titanium halide. 
20 In another aspect, the invention encompasses a method of electrolytically forming 

a titanium-based mixed-metal material. A mixture of titanium and at least one other 
metal is electrically deposited as a mixed-metal product. The mixed-metal product is 
melted to form a molten mixed-metal material. The molten mixed-metal material can be 
cooled into a mixed-metal ingot. The ingot comprises the titanium and the at least one 
25 other metal. The titanium is the majority element of the ingot, and the ingot has a purity 
of titanium and the at least one other metal of at least 99.95%. The method can be 
utilized for electrolytically forming a zirconium-based mixed-metal ingot by substituting 
zirconium for the titanium. 
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In another aspect, the invention encompasses an iodide transfer method of 
forming a titanium or zirconium-based mixed-metal material. A mixture comprising 
either titanium or zirconium is provided in a reaction apparatus with iodine gas and a 
heated substrate. The titanium or zirconium is reacted with the iodine gas to form an 

5 iodide which is subsequently transferred to the heated substrate. Heat from the substrate 
is utilized to decompose the iodide and produce a mixed-metal product comprising the 
titanium or zirconium. The mixed-metal product can be melted to form a molten mixed- 
metal material which can then be cooled into a mixed-metal ingot. 

In yet another aspect, the invention encompasses a sputtering target comprising 

1 0 zirconium and one or more elements selected from the group consisting of Al, B, Ba, Be, 
Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, 

Ti, V, W, Y, and Yb. 

In yet another aspect, the invention encompasses a sputtering target comprising 

titanium and boron. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with reference to the 

following accompanying drawings. 

Fig. 1 is a flow-chart diagram illustrating methodology encompassed by the 

20 present invention. 

Fig. 2 is a flow-chart diagram illustrating an exemplary reduction process of the 

present invention. 

Fig. 3 is a diagrammatic, cross-sectional view of an apparatus utilized in an 
electrolytic process of the present invention. 
25 Fig. 4 illustrates a graph showing standard reduction potential for a series of 

elements, and further showing a window region encompassing elements having a 
standard reduction potential within ± 0.5 volt of the Ti /Ti reaction. 

Fig. 5 is a diagrammatic, cross-sectional view of an iodide process encompassed 
by the present invention. 
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Fig. 6 is a block diagram of a melting and ingot-fomiing process encompassed by 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 The invention includes new methods for forming mixed-metal materials, and in 

particular applications encompasses new methods of forming ingots comprising mixtures 
of metals. In particular embodiments, a mixed-metal feedstock is produced by one or 
more of a reduction process, electrolysis process or iodide process, and such feedstock is 
subsequently melted to form a homogeneous molten mixture of the metals. The molten 

1 0 mixture is then cooled to form a mixed-metal ingot, with the metals being 

homogeneously mixed throughout the ingot as, for example, an alloy composition. The 
ingot can be subsequently utilized to form materials in which homogeneous mixed-metal 
compositions are desired. For instance, the ingot can be utilized in forming sputtering 
targets. It is noted that various reduction processes, electrolysis processes and iodide 

1 5 processes have been described previously in U.S. Patent Nos. 6,063,254, and 6,024,847; 
and in U.S. Patent Application Serial No. 08/994,733. U.S. Patent Nos. 6,063,254, and 
6,024,847, and U.S. Patent Application Serial No. 08/994,733 are all incorporated herein 
by reference. 

In particular applications, the mixed-metals provided within the ingot will be 
20 titanium-based materials (i.e. titanium will be a majority element within the metals), and 
in other applications the mixed-metals will be zirconium-based mixtures (i.e. zirconium 
will be a majority element within the metals). Either titanium-based mixtures or 
zirconium-based mixtures can ultimately be utilized in forming sputtering targets. A use 
for a titanium-based sputtering target or a zirconium-based sputtering target can be for 
25 sputter-deposition of a titanium-based or zirconium-based film on a semiconductor 
substrate. Either a titanium-based film or a zirconium-based film can be utilized as a 
barrier layer to impede copper migration from copper-containing components to other 
components associated with the semiconductor substrate. Specifically, the film can be 
provided between a copper-containing component and other components of a 

6 
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semiconductor substrate, and can be utilized to prevent copper migration from the 
copper-containing component to the other component associated with the substrate. To 
aid in interpretation of the claims that follow, the terms "semiconductive substrate" and 
"semiconductor substrate" are defined to mean any construction comprising 
semiconductive material, including, but not limited to, bulk semiconductive materials 
such as a semiconductive wafer (either alone or in assemblies comprising other materials 
thereon), and semiconductive material layers (either alone or in assemblies comprising 
other materials). The term "substrate" refers to any supporting structure, including, but 
not limited to, the semiconductive structures described above. An exemplary 
semiconductive material is silicon, such as, for example, monocrystalline silicon. 
Among the titanium-based barrier layers that can be particular useful are layers 
comprising, consisting essentially of, or consisting of titanium and one or both of Zr and 
Hf; and such layers can be formed from sputtering targets comprising, consisting 
essentially of, or consisting of titanium and one or both of Zr and Hf Among the 
zirconium-based barrier layers that can be particular useful are layers comprising, 
consisting essentially of, or consisting of zirconium and one or both of Ti and Hf; and 
such layers can be formed from sputtering targets comprising, consisting essentially of, 
or consisting of zirconium and one or both of Ti and Hf 

A method encompassed by the present invention is shown in the How chart of 
Fig. 1. At an initial step 10, a mixture of metallic elements is provided. The mixture 
will typically comprise titanium or zirconium, and in particular embodiments can 
comprise both titanium and zirconium. The elements can be in an elemental form in the 
mixture of step 10, or can be provided as molecular components. For instance, titanium 
can be provided as, for example, elemental Ti or TiCU. 

The mixture of step 10 is provided to one or more of a reduction process 12, an 
electrolysis process 14, or an iodide process 16. In the diagram of Fig. 1, the reduction 
process 12 is shown connected through a dashed arrow to electrolysis process 14, which 
in turn is shown connected through a dashed arrow to iodide process 16. The dashed 
arrows show that the processes 12, 14 and 16 can be optionally conducted sequentially 
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relative to one another. For instance, a material from step 10 can be provided to 
reduction process 12, and then subsequently provided from reduction process 12 to 
electrolysis process 14, and subsequently provided from electrolysis process 14 to iodide 
process 16. Alternatively, the material from step 10 can be provided to reduction process 
5 1 2, and then not submitted to either electrolysis process 1 4 or iodide process 1 6. Further, 
although the arrows between processes 12, 14 and 16 are shown proceeding in particular 
directions, it is to be understood that the processes connected by the dashed arrows can 
be connected in reverse to the shown methodology. For instance, material from 
electrolysis process 14 can be provided to reduction process 12, rather than the shown 
1 0 flow proceeding from reduction process 1 2 to electrolysis process 1 4. However, the 
shown flow can be a preferred flow orientation, in that the electrolysis process is 
generally considered to be a process for further purification of material after a reduction 
process, and the iodide process is considered to be a process which can lead to additional 
purification beyond that accomplished by either electrolysis process 14 or reduction 
15 process 12. 

After the flow of material through one or more of processes 12, 14 and 16, the 
material is considered a product. The product is subjected to the processing of step 1 8, 
which comprises melting the product, and subsequently cooling the molten material to 
form an ingot. The ingot will have a mixture of elements contained therein, with such 

20 mixture reflecting at least some of the original mixture of metallic elements utilized in 
the composition of step 10. However, the final composition formed in the ingot of step 
18 may have a different stoichiometric relationship of component elements than the 
mixture of step 10, as the kinetics and/or thermodynamics of processes 12, 14 and 16 
may favor one metallic material relative to another. 

25 The processes of steps 1 2, 1 4, 1 6 and 1 8 are described in more detail in Figs. 2-6. 

Referring initially to Fig. 2, the reduction process of step 12 is further illustrated. The 
shown process forms a mixed-metal material consisfing essentially of, or consisting of, a 
titanium/zirconium alloy. Initially, zirconium tetrachloride (ZrCU), titanium 
tetrachloride (TiCU), and a reductant (for example, sodium or magnesium metal) are 

8 
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mixed. A resulting exothermic reaction produces an alloy of titanium and zirconium. 
The relative proportions of titanium and zirconium within the alloy are approximately 
proportional to the proportions of zirconium tetrachloride and titanium tetrachloride. 
Accordingly, a titanium-based alloy can be formed by utilizing a higher proportion of 

5 titanium tetrachloride relative to zirconium tetrachloride, and a zirconium-based alloy 
can be formed by utilizing a higher percentage of zirconium tetrachloride relative to 
titanium tetrachloride. Although the invention is described with reference to an 
embodiment utilizing metal chloride reactants, it is to be understood that other metal 
halides can be utilized in addition to, or alternatively to, the metal chlorides. 

1 0 The reactants utilized in the reduction process of Fig. 2 will typically be in a 

gaseous or liquid form. For instance, the reductant can comprise moUen sodium and the 
zirconium tetrachloride and titanium tetrachloride can be in gaseous form. Accordingly, 
the reactions occurring in the reduction process can be summarized as reactions (1) and 
(2) below, in which s = solid phase; 1 = liquid phase and g = gas phase. 



(1) 4Na(l) + TiCl4(g) ^Ti(s)+4NaCl(l) 

(2) 4Na(l) + ZrCUCg) ->Zr(s)+4NaCl(l) 



The Ti(s) and Zr(s) can form a mixed-metal sponge. Such sponge can be 
20 subsequently melted and cooled to form an ingot, or can be utilized as a feedstock in 
either the electrolytic process 14 of Fig. 1 or the iodide process 16 of Fig. 1. 

Although the reduction process is illustrated in Fig. 2 as being a process for 
forming an alloy consisting of titanium and zirconium, it is to be understood that the 
reduction process can form other metal materials. For instance, one or more metals 
25 selected from the group consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, 
Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, V, W, Y, Yb and Zr, can be 
utilized in combination with the titanium to form an alloy. More specifically, chlorides 
(or other halides) of the listed elements can be utilized in combination with titanium 
tetrachloride to form alloys in the reduction process. Alternatively, one or more 

9 
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elements from the group consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, 
HO, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, Ti, V, W, Y, and Yb can be 
utilized in combination with the zirconium to form an alloy. 

If the formed alloy is a titanium-based alloy Ven the total non-titanium metal 
content of a material produced by the process of Fii 1 can be in a range of from 0.00 1 V. 
to 50O/O, such as, for example, a range of fromO^Olo/o to XOV.. In particular 
embodiments, the total non-titanium metaj^ntent of the material will be at least O.Olo/o, 
in further embodiments will be at leas^%, in yet other embodiments will be at least 
lo/o and in yet other embodiments.4li be at least 2%. The amount of at least one non- 
titanium metal in the mixed-m/l material will be provided to a sufficient concentration 
in the material to present tXater than 5 ppm in a material pure to 5N5, greater 50 ppm 
in a material pure to 4N^/greater than 500 ppm in a material pure to 3N5, or greater than 

one part per thousand/in a material pure to 3N. 

If the mixed-metal material is subsequently melted and utilized to form an ingot 
as shown m step 1 8 of the Fig. 1 process, and if such melting occurs without intervening 
processes occurring between the reduction process and the melting process, the relative 
proportion of non-titanium metals in a formed ingot will be the same as that of the 
mixed-metal product formed by the reduction process of Fig. 2. 

If the formed alloy is a zirconium-based alloy, then the total non-zirconium metal 
content of a material produced by the process of Fig. 1 can be in a range of from O.OOr/o 
to 50O/O, such as, for example, a range of from 0.001% to 10%. In particular 
embodiments, the total non-zirconium metal content of the material will be at least 
0.01%, in further embodiments will be at least 0.1%, in yet other embodiments will be at 
least 1%, and in yet other embodiments will be at least 2%. The amount of at least one 
non-zirconium metal in the mixed-metal material will be provided to a sufficient 
concentration in the material to present to greater than 5 ppm in a material pure to 5N5, 
greater 50 ppm in a material pure to 4N5, greater than 500 ppm in a material pure to 
3N5, or greater than one part per thousand in a material pure to 3N. 
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,„ panicul^ embodiment, .he reduction process of Fig. 2 can be utilized to form 
a„ aiioy consisting of titanium and zirconium, as sho»n. In such processes, the materta, 
can be titanium-based, with the on,y other metal besides titanium being zirconium; or 
can be zirconium-based, with the only other meui besides zirconium being titamum. 

Referring next to Fig. 3, the electrolysis process 14 of Fig. I is described ,„ more 
detail specifically. Fig. 3 illustrates an apparatus 50 which can be utilized for an 
electrolyttc procedure of the present invention. Apparatus 50 comprises a furnace 52. 
An anode 54 and cathode 56 are provided with.n furnace 52. A metal feedstock 58 ,s 
provided against anode 54. Metal feedstock 58 can comprise, for example, one or both 
, of titantum or zirconium, .n particular embodiments, the metal feedstock can compnse 
titanium with at least one other metal selected from the group consisting of Al, B, Ba, 
Be Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb. Nd, Ni. Pr, Sc, Sm, Sr, 
Ta V W Y Yb and Zr; or can comprise zirconium and at least one other metal selected 
from the group conststing of Al, B, Ba, Be. Ca, Ce, Co. Cs, Dy, Er, Fe. Gd, Hf, Ho, La, 
5 Mg Mn. MO, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, Ti. V. W. Y, and Yb. In an exemplary 
embodiment, titanium is a majority element provided in the feedstock, and in another 
exemplary embodiment zirconium is a majority elemem provided in the feedstock. 

An electrolyte 60 is provided between the anode and the cathode. The electrolyte 
can comprise a salt, such as, for example, sodium chlortde or magnesium chloride, and 
20 can be in a molten fom. due to a temperature maintained by futnace 52. 

,„ operation, an electrical voltage is provided between anode 54 and cathode 56, 
and metal is electrolytically transferred from mixture 58 to cathode 56 to form a mixed- 
metal product 62 at cathode 56. Although mixture 58 is described as being prov.ded 
against an anode 54. it is to be understood that anode 54 can be considered an elecnca. 
25 interconnection to mixture 58, and that mixture 58 can be considered to effectively be the 
■•anode" during the electrolytic transfer reaction. The composition of mixed-metal 
product 62 can be determined, in part, by the voltage supplied to apparatus 50. F.g. 4 
nlustrates a chart of st^dard reduction potential for reduction of various elements. 
Fig 4 also illustrates a window formed within ±0.5 volt of the reduction for T, /T,. 
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Accordingly, if a voltage supplied to apparatus 50 is within ±0.5 volts of the reduction 
potential for Ti^"/Ti, only the elements within the shown window will be formed in the 
mixed-metal product 62. Accordingly, apparatus 50 can be utilized for purification of a 
mixed-metal product relative to the material 58 provided at anode 54. The elements 
having reduction potential within ±0.5 volt of the reduction of Ti^VTi include Eu, Zr, Ti, 
and Zn. 

An aspect of the present invention is to form a mixed-metal product at 
cathode 56. For instance, if a majority element is titanium, then the material at 
cathode 56 will preferably comprise at least 0.001% of elements other than titanium; and 
if a majority element is zirconium, then product 62 will preferably comprise at least 
0.001% of elements other than zirconium. The amount and type of elements provided at 
cathode 56 can be determined by the voltage utilized for apparatus 50 and the starting 
material 58. Specifically, if a voltage window of ±0.7 volts from the reduction potential 
for conversion of Ti^^/Ti is utilized, a wider number of elements can be incorporated into 
product 62 than if a voltage window of ±0.5 vohs from the reduction potential for 
conversion of Ti^^/Ti is utilized. Preferably, a voltage window will not exceed more than 
±0.7 volts from the reduction potential for a majority element (for example, either 
titanium or zirconium), to avoid adding excessive impurity to product 62. 

Referring next to Fig. 5, an iodide process which can be utilized for step 16 of 
Fig. 1 is diagrammatically illustrated. Specifically, Fig. 5 shows an apparatus 100 
comprising a reaction chamber 102. A feedstock 106 is provided within reaction 
chamber 102, and a heated substrate 104 extends into reaction chamber 102. 
Feedstock 106 comprises at least 2 different metals, and can, for example, comprise 
either titanium or zirconium as a majority metal. An iodine gas 108 is provided within 
reaction chamber 102. In operation, iodine gas 108 transports metal from feedstock 106 
to heated substrate 104. The metal is then deposited onto substrate 104 to form a 
product 1 10. The transport of a metal from feedstock 106 to heated substrate 104 is 
described below with reference to reactions (3)-(5), and specifically is described with 
respect to formation of a titanium metal. 

12 
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(3) Ti(s)+l2(g)^Til2(g) 

(4) Til2(g) + 12(g) ^Til4(g) 

(5) Til4(g)-^Ti(s) + 212(g) 

Accordingly, the titanium is converted to an iodide (specifically, TiU), and the 
iodide is subsequently decomposed at the heated substrate 104 to deposit titanium 
material 1 10. The reactions described above are merely exemplary reactions, and it is to 
be understood that the chemistry of metal transport in apparatus 100 can comprise other 
reactions in addition to, or alternatively to, those described. 

A rate of transfer of a material from feedstock 106 to product 1 10 can depend on, 
among other things, a temperature differential between feedstock 106 and substrate 104, 
a concentration of iodine, and kinetics of reaction of a particular metal with iodine to 
form an iodide, as well as kinetics of reaction of a particular metal iodide to decompose 
to form the metallic element. Accordingly, if feedstock 106 comprises a mixture of 
elements, the product 1 1 0 can comprise a mixture having a different stoichiometry than 
that initially present as feedstock 106 due to, for example, differences in kinetics of 
iodide formation of various metallic iodides, and/or differences in kinetics of iodide 
decomposition of various metallic iodides. 

Feedstock 1 06 can comprise predominately zirconium, and can further comprise 
one or more elements selected from the group consisting of Al, B, Ba, Be, Ca, Ce, Co, 
Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, Ti, V, W, 
Y, and Yb. Alternatively, feedstock 106 can comprise predominately titanium, and can 
further comprise one or more elements selected from the group consisting of Al, B, Ba, 
Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, 
Ta, V, W, Y, Yb and Zr. Also, product 1 10 can comprise predominately zirconium ,and 
can further comprise one or more elements selected from the group consisting of Al, B, 
Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, 
Sm, Sr, Ta, Ti, V, W, Y, and Yb. Alternatively, product 1 10 can comprise 
predominately titanium, and can forther comprise one or more elements selected from 
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the group consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, 
Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, V, W, Y, Yb and Zr. 

Fig. 6 is a block diagram description of a system which can be utilized for the 
processing of step 18 of Fig. 1. Specifically, Fig. 6 illustrates a system 150 comprising a 

5 feed port 154, a cooled hearth 156, and a mold 158. In operation, a feed material is 
poured through port 154 and melted by vacuum melting (such as, for example, with an 
electron beam gun) to form a homogeneous molten mixture of the elements present in 
the feed material. The molten mixture is subsequently poured into cooled hearth 156, 
and then flowed into a mold 158. Mold 158 can be in the form of, for example, an ingot 

10 can. Accordingly, the material flowed into mold 158 can cool to form an ingot. The 
ingot will preferably have a homogeneous composition of the elements initially present 

in the feed material. 

The feed material provided to apparatus 150 can be a product of either the 
reduction process of step 12 of Fig. 1, the electrolysis process of step 14 of Fig. 1, or the 

1 5 iodide process of step 1 6 of Fig. 1 . Regardless, the feedstock will preferably comprise a 
mixture of metals, such as, for example, a titanium-based material having at least 0.001% 
of non-titanium metals; or a zirconium-based material having at least 0.001% of non- 
zirconium metals. If the feed material is titanium-based, the non-titanium metal content 
of the ingot can be in a range of from 0.001% to 50%, such as, for example, a range of 

20 from 0.001% to 10%. The non-titanium content can be, for example, at least 0.01%), and 
in particular embodiments can be at least 0.1%. Alternatively, if the material formed in 
the ingot is zirconium-based, the non-zirconium metal content can be in the range of 
from 0.001% to 50%>, such as, for example, from 0.001% to 10%. Further, the non- 
zirconium content can be at least 0.01%, and in particular embodiments can be at least 

25 0.1%. 

A cooled ingot formed by the process of Fig. 6 can be utilized for forming a 
sputtering target. Sputtering targets comprising a homogeneous mixture of metallic 
elements can be particularly useful in sputtering processes in which it is desired to form a 
titanium-based or zirconium-based barrier layer for preventing copper diffusion. 
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If the barrier layer is to be a titanium-based material, such barrier layer can be 
formed by sputter-deposition from a target comprising, for example, titanium in 
combination with one or more elements selected from the group consisting of Al, B, Ba, 
Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, 
5 Ta, V, W, Y, Yb and Zr. It is noted that many of the elements utilized in a sputtering 
target of ihe present invention are elements which are typically precluded from titanium- 
based sputtering targets of the prior art. Accordingly, there has not been a process 
developed in the prior art for forming a homogeneous mixture of titanium with one or 
more of the listed elements. However, for sputtering applications of the present 
1 0 invention it can be desired that a target comprise a homogeneous mixture throughout of 
all of the elements present in the sputtering target. Methodology of the present invention 
can enable such homogeneous mixture to be formed. Specifically, since methodology of 
the present invention melts a mixed-metal feedstock, methodology of the present 
invention can form a homogeneous mixed-metal ingot which can in turn be utilized to 
15 form a sputtering target with a homogeneous mixed-metal composition throughout. 

If the barrier layer is to be a zirconium-based material, such barrier layer can be 
formed by sputter-deposition from a target comprising, for example, zirconium in 
combination with one or more elements selected from the group consisting of Al, B, Ba, 
Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, 
20 Ta, Ti, V, W, Y, and Yb. The zirconium can be present in the sputtering target to 

exemplar^ concentrations of at least 55%, at least 70%, at least 90%, at least 94%, or at 
least 97%. In particular applications, the amount of non-zirconium metals can be 
provided to a sufficient concentration within the sputtering target that the zirconium is 
present to less than 99% or less than 98%, while still being a majority element of the 
25 target. Accordingly, the target can comprise, for example, a concentration of zirconium 
in a range of from about 50% to about 98%, or can comprise a range of zirconium of 
from about 50% to about 99%. Further, the sputtering target can consist essentially of, 
or consist of, zirconium and titanium. 
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Zirconium-based sputtering targets of the type described herein can have 
properties similar to those of titanium-based sputtering targets, and accordingly can be 
used for forming diffusion barriers to impede or prevent copper diffusion from copper- 
containing materials to other components associated with semiconductor substrates. 
5 There has not been a process developed in the prior art for forming a sputtering target 
consisting of a homogeneous mixture of zirconium with one or more of the listed 
elements, but methodology of the present invention can enable such homogeneous 
mixture to be formed. Specifically, since methodology of the present invention melts a 
mixed-metal feedstock, methodology of the present invention can form a homogeneous 
1 0 mixed-metal zirconium-based ingot which can in turn be utilized to form a sputtering 
target with a homogeneous zirconium-based mixed-metal composition throughout. 

If the barrier layer is to be a titanium-based material, such barrier layer can be 
formed by sputter-deposition from a target comprising, consisting essentially of, or 
consisting of titanium and boron. The titanium can be present in the sputtering target to 
1 5 exemplary concentrations of at least 70%, at least 90%, at least 94%, or at least 97%. In 
particular applications, the amount of boron can be provided to a sufficient concentration 
within the sputtering target that the boron is present to greater than 5 ppm in a target pure 
to 5N5, greater 50 ppm in a target pure to 4N5, greater than 500 ppm in a target pure to 
3N5, or greater than one part per thousand in a target pure to 3N. Titanium/boron 
20 mixed-metal sputtering targets can be used for forming diffusion barriers to impede or 
prevent copper diffusion from copper-containing materials to other components 
associated with semiconductor substrates. There has not been a process developed in the 
prior art for forming a sputtering target consisting of a homogeneous mixture of titanium 
with boron, but methodology of the present invention can enable such homogeneous 
25 mixture to be formed. Specifically, since methodology of the present invention melts a 
mixed-metal feedstock, methodology of the present invention can form a homogeneous 
mixed-metal titanium/boron ingot which can in turn be utilized to form a sputtering 
target with a homogeneous titanium and boron mixed-metal composition throughout. 
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